Edible oils and fats, which consist primarily of triglycerides of different fatty acids, also contain 1% to 10% of fat-soluble phytochemicals derived from oil-bearing seeds or fruits, collectively called the nonglyceride fraction. They belong to different classes of chemicals, each with a number of different chemical compounds. These chemicals are also present in the unsaponifiable fraction of oils and fats, some of them in a modified form. Several of these chemicals have been shown during the past two decades to have health-promoting functions, with vitamin, hypolipidemic, and antioxidant activities. Studies in experimental animals and humans have shown that they can have a preventive role in noncommunicable diseases, such as cancer, cardiovascular disease, and cataract. They also serve as a source of vitamin E and provitamin A. Thus, oils and fats in the nonglyceride fraction not only are sources of energy and essential fatty acids, but also have a disease-preventing and healthpromoting role and can serve as a source of some fatsoluble vitamins. Certain edible oils, such as palm oil, rice bran oil, and sesame oil, are particularly rich in the health-promoting chemicals present in their nonglyceride fraction. Some of the edible unconventional oils have high levels of the nonglyceride fraction (8%-10%), and they may have important disease-preventing potential.
Introduction
Natural oils and fats contain a wide range of chemicals in their nonglyceride fraction [1] . They used to be considered as adventitious fat-soluble phytochemicals, derived from oil-bearing seeds and fruits. As pointed out earlier, many of the nonglyceride components in several of the edible oils have distinct biological functions and have nutritional and disease-preventing and health-promoting potential in humans. The available evidence indicates that these nonglyceride components compounds can have one or more of the following functions: vitamin functions; hypolipidemic activity, protecting against cardiovascular disease; and antioxidant activity, which is currently recognized as playing an important role in protecting against many diseases, such as cancer, cardiovascular disease, cataract, and metabolic disorders. Some of the oils also contain antinutritional and toxic compounds among their nonglyceride components.
Although earlier interest in nonglyceride components was purely chemical, the development of modern analytical tools has helped to separate and identify these species of chemicals in the nonglyceride fraction of oils and fats. It is only during the past two decades that much research has been carried out to establish the nutritional and disease-preventing role of bioactive nonglyceride components of edible oils. The predominant edible oils that have been subjected to in-depth investigation of these properties are palm oil and rice bran oil. The other potential candidates for such studies are sesame, wheat germ, olive, corn, and mustard oils. Several nonconventional edible oils and fats with high unsaponifiable fraction contents can be added to this list (table 1) .
Nutritional and health-promoting potential of nonglyceride components of edible oils

Nutritional function: vitamin activity
The two important fat-soluble vitamins present in edible oils are vitamin E and carotenes with provitamin A activity. Vitamin E is present as tocopherols in almost all the edible oils, and their content varies considerably (table 1) . Tocopherols also act as antioxidants protecting oils against auto-oxidation. There are two types of vitamin E present in edible oils, α-, β-, and γ-tocopherols and the related tocotrienols, each with different biological potencies and functions. The main function of vitamin E in the body is to act as an antioxidant to protect the cell membrane containing polyunsaturated lipids against oxidative damage. It also has a role in reproductive function. Although tocopherols and tocotrienols are chemically related, they differ widely in their biological activity: tocotrienols are more potent in this respect than tocopherols. Although tocopherols are present in all oils, tocotrienols are present in only a few edible oils, the richest source being palm oil. Rice bran oil is also a good source of tocotrienols. The total vitamin E content (tocopherols and tocotrienols) is highest in palm oil, nearly 113.4 mg/100 g. Vitamin E content in relation to polyunsaturated fatty acid (PUFA) content is also highest in palm oil. The vitamin E/PUFA ratio is nearly 10.3 mg of vitamin E per gram of PUFA in palm oil, whereas in other oils it ranges between 1.1 and 2.6 mg/g (table 1) . This ratio is a measure of the relative antioxidant potency of oils.
The other vitamin present in some edible oils is carotene, which has a provitamin A potency. Although most oils may have only traces of this pigment, red palm oil freshly extracted from the fruit is a very rich source, with nearly 600 ppm of carotenes, mostly β-carotene (table 2). Both αand β-carotenes can serve as potential sources of provitamin A. However, refined edible-grade red palm oil contains about 500 ppm of carotenes and 400 ppm of β-carotene equivalent (table 3) . Red palm oil is thus useful in promoting adequate intake of vitamin A and in preventing vitamin A deficiency among the population groups with a low intake of dietary vitamin A. This is particularly so in a number of developing countries, including India. A daily intake of 5 g of red palm oil can substantially meet the daily vitamin A needs of all age groups. Further, because carotene is in an oil solution in red palm oil, it may be better absorbed than carotenes from vegetable sources, such as green leafy vegetables. In India, where vitamin A intake is low among the majority of the population and where the per capita availability of β-carotene from all fruit and vegetable sources is only 50% of the requirement, an intake of 2 to 3 g per capita per day of red palm oil can correct the vitamin A deficit, whereas 5 g of red palm oil can fully meet the daily requirement of vitamin A (table 4 ). An annual production of about 1.0 million tons of red palm oil could make India self-sufficient in β-carotene to meet the vitamin A needs of its population. During the past 10 years, intensive research has demonstrated the potential of red palm oil as an excellent source of β-carotene to combat vitamin A deficiency in India [2] . Crude red palm oil is regularly consumed in some of the West African countries. Consequently, vitamin A deficiency is almost absent in these countries. As far back as 1935. an attempt was made in India to demonstrate the usefulness of crude red palm oil for treating children with vitamin A deficiency and in correcting its clinical manifestation, keratomalacia [3] . In this respect, it was comparable to cod liver oil, the only other source of vitamin A then available. The Nutrition Advisory Committee of the Government of India then recommended the cultivation of oil palm in India to produce red palm oil for combating the widely prevalent vitamin A deficiency, which persists even today. It would be a practical national policy in India and in other developing countries where vitamin A deficiency is a major nutritional problem to introduce red palm oil as an edible oil to serve as a rich source of β-carotene to help eliminate vitamin A deficiency. In addition, red palm oil, a rich source of antioxidants (table 5), can serve as a functional food in protecting against other degenerative diseases.
Hypolipidemic effect of nonglyceride components in protecting against cardiovascular diseases
Edible oils with high nonglyceride contents contain a number of chemical substances with a hypocholesterolemic potential (table 6). These compounds are either sterols or terpenic and alkyl alcohols. For sterols to be hypolipidemic, their content in the oil and their intake should be quite high [4, 5] . They are believed to act by competitively inhibiting cholesterol absorption from the gut [5] . The significant role of nonsterol nonglyceride components of oils in reducing blood and tissue cholesterol and other lipids has been clearly established by a series of studies on rice bran oil [6] . The unsaponifiable fraction of rice bran oil has been shown to have a hypocholesterolemic effect in both animals and humans [7, 8] . The observed effect of rice bran oil or its unsaponifiable fraction in reducing low-density lipoproteins and triglycerides in rat blood and liver is additional to that due to the PUFA content of rice bran oil [6] . Groundnut oil, which has a similar level of PUFA, does not have a similar hypolipidemic effect to that observed with rice bran oil. The hypolipidemic effect of rice bran oil is also attributed to the cyclic terpene alcohols oryzinol, cycloarterenol, and tocotrienol present in its unsaponifiable fraction [6] . The hypolipidemic effect of the terpenic alcohol cycloarterenol has been demonstrated in rats [6] . Attempts are also being made to enrich rice bran oil with oryzinol. The serum cholesterol-lowering effect of rice bran oil can be further enhanced by blending it with safflower oil in the ratio of 70:30 [9] . Although rice bran oil is the richest source of terpenic alcohol, this class of nonglyceride components is also present in corn and olive oils. This nonglyceride component fraction may contribute to the nonhypercholesterolemic effect of olive oil, which is not rich in polyunsaturated fatty acids. Although the hypolipidemic potency of olive oil is attributed mainly to its high content of monounsaturated fatty acid, it is interesting to speculate that its hypolipidemic property could also be due to its terpenic alcohol content, which may augment the effect of the monounsaturated fatty acids. The hypolipidemic effect of rice bran oil is attributed to an increased secretion of bile, which is the main route of cholesterol excretion from the body. Thus, available information on the hypolipidemic effect of rice bran oil and its unsaponifiable fraction provides ample evidence to indicate that rice bran oil or other oils rich in cycloarterenol (oryzinol)-like components can be useful in preventing atherosclerosis and cardiovascular disease. The data suggest that rice bran oil may be one of the most healthful and safest oils for human consumption. Several other oils, both conventional and unconventional, have high levels of unsaponifiable matter. For example, the hypocholesterolemic effect of soy sterols has been demonstrated in rats [10] . Besides the sterols and terpene alcohols present in the unsaponifiable matter of some edible oils that have been shown to be hypolipidemic, other nonglyceride components, such as the antioxidant tocopherols and tocotrienols, have also been shown to prevent cardiovascular disease ( fig. 1 ). They do so by preventing increased blood cholesterol levels and cholesterol oxidation, which promotes lipid deposition in the arterial wall [11] . The tocotrienols in palm oil have also been shown to prevent in vivo cholesterol biosynthesis by inhibiting HMG-Co reductase, a crucial enzyme in cholesterol biosynthesis [12] . Tocotrienols have also been reported to have a protective effect on platelet aggregation through their modulating effect on prostanoid synthesis, that is, through reduced generation of thromboxane B 2 [13] .
Another compound present in the nonglyceride components of sesame oil is sesamin, which has recently been shown to be hypocholesterolemic in rats [14] . Sesamin, as well as curcumin, has been shown to inhibit desaturation and chain elongation of essential fatty acids, especially of the n-6 series [14] . Sesamin was shown to have a large effect on ∆ 5 desaturase and chain elongation of both the n-6 and the n-3 series of essential fatty acids, especially the n-6 series. Since long-chain polyunsaturated fatty acids are precursors of eicosanoids, sesamin and curcumin can alter the profile of those polyunsaturated fatty acids and prostanoids derived from them. Sesamin has also been shown to inhibit the synthesis of cholesterol from acetate in cultured smooth muscle cells [14] . These observations should lead to further studies in humans on the hypocholesterolemic potency of sesamin present in sesame oil. Saponin is also present in soy and other oils. It can bind cholesterol and thus may inhibit the absorption of dietary cholesterol from the gut.
2-Phenylethanol, which is present in many vegetable oils in combination with triterpene alcohol (cycloarterenol and 24-methylene hydroarterenol), noncompetitively inhibits cholesterol esterase activity. This would result in a slow hydrolysis of cholesterol esters, thus decreasing cholesterol absorption [10] .
Antioxidant potential of nonglyceride components of oils and fats
As described earlier, edible oils contain a number of antioxidants in their nonglyceride fraction (table 5) . The main antioxidants present in edible oils are vitamin E, mainly the tocopherols, and in addition tocotrienols in some of the oils, such as palm and rice bran oils; carotenes in crude red palm oil; and sesaminol and sesamol in sesame oil.
There has been intensive research on the role of antioxidants in offering protection against stress-induced noncommunicable diseases, such as cancer, cardiovascular disease, diabetes, atherosclerosis, cataract, and metabolic diseases. This includes experimental, clinical, and epidemiological investigations, especially on the role of oxygen free radicals in causing cancer and cardiovascular disease and the protection offered against such diseases by antioxidants ( fig. 2) . Although most oils contain vitamin E, which can act as an antioxidant, wheat germ oil and palm oil are very rich in vitamin E (table 1) . Palm oil and rice bran oil contain both tocopherols and tocotrienols, the latter being a more powerful antioxidant than tocopherols. Red palm oil in addition contains carotenes, which can also act as antioxidants and free radical scavengers. Thus palm oil and other oils rich in antioxidants can offer protection against cancer and cardiovascular disease. Research on the role of antioxidants (tocols and carotenes) in palm and other edible oils in protecting against cancer and cardiovascular disease was presented in a recent symposium [15] . The author has reviewed the role of antioxidants of palm oil and their health-promoting potential in the Indian context [16] .
The other edible oil with powerful antioxidant activity is sesame oil, which is rich in sesamolin, an ester of the quinone-type antioxidant sesamol. Sesamol is released from sesaminol on hydrolysis. Normally, sesame oil contains only a small quantity of preformed sesamol, but it can be released in the gut during digestion. The sesamol thus released can be absorbed and act as an antioxidant in the body, offering significant protection against the diseases mentioned above. Sesamol appears to be the most potent antioxidant [17] . The role of sesame oil and sesamol in protecting against cancer and cardiovascular disease does not appear to have been studied in great depth, although the role of sesamol as an antioxidant to stabilize oils has been well studied [17] . This is a potential area for research in the field of nonglyceride components of fats and oils.
The other antioxidant chemicals present in edible oils, such as mustard and rapeseed oils, are isothiocyanates, allyl isothiocyanate, and oxazolidinthiones derived from glycosinolates. These compounds have anticarcinogenic activity [18] in addition to their antithyroid and goitrogenic properties.
Many of the diseases against which antioxidants offer protection, such as cancer, cataract, atherosclerosis, ischemia, and pulmonary dysfunction, are believed to be caused by oxygen free radicals, such as singlet molecular species of oxygen, superoxide, hydroxyl, peroxide, and lipid peroxide radicals [19] . Lipid peroxidation of membrane lipids and of circulating lipoprotein lipids, including cholesterol, and oxidative damage of proteins (e.g., lens protein) and DNA, are believed to be mechanisms by which oxygen free radicals and peroxide radicals contribute to the development of these diseases ( fig. 2) .
Such oxygen free radicals are constantly generated in the cells during oxygen utilization and can also be derived from environmental pollution. Although there are protective mechanisms such as superoxide desmutase to destroy these free radicals generated in situ, they may not be adequate. It is in such a situation that dietary antioxidants can augment the mechanism in vivo by destroying the free radicals, thus protecting against diseases caused by them ( fig. 2 ).
Future research possibilities and needs in the area of nonglyceride components of oils and fats
In the light of the foregoing discussion, the following areas of research can be suggested to exploit the disease-preventing and health-promoting potential of nonglyceride components of oils and fats.
More detailed analysis of chemicals present in the nonglyceride components or unsaponifiable fractions of hitherto unexplored oils and fats, especially the unconventional oils, which have high levels of unsaponifiable fractions and which have been shown to be safe for human consumption.
More detailed studies, in both animals and humans, of sesame oil, the nonglyceride fraction of which is rich in sesamin, sesamolin, and sesamol, to establish the hypocholesterolemic (sesamin) and antioxidative (sesamol) potential of these compounds against cancer, cardiovascular disease, etc.
Clinical and epidemiological studies with rice bran oil, red palm oil, and sesame oil to test their efficacy in protecting against noncommunicable diseases such as cancer and cardiovascular disease. Based on such studies, a prophylactic dosage of these oils in the functional foods based on these oils can be determined.
